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INCREASED BANDWIDTH ENCODING
SCHEME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 13/784,457, filed Mar. 4, 2013. The
entire contents of U.S. patent application Ser. No. 13/784,
457 is hereby incorporated by reference.

FIELD

The various embodiments described herein generally
relate to a method, system and communication protocol for
implementing an increased bandwidth encoding scheme for
bus systems or wireless communication.

BACKGROUND

In a computer or processor architecture, a bus is a
subsystem that transfers data between devices within an
electronic device or transfers data between electronic
devices. Bus architectures are also used in common data
signalling paths for multiple devices rather than having
separate connections between each set of devices that may
communicate with one another. In other words, the bus
structure can be used to allow one or more slave devices to
communicate with one or more master devices. Typically,
the bus architectures use two wires or two communication
channels to transmit data signals and clock signals, respec-
tively.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the various embodiments
described herein, and to show more clearly how these
various embodiments may be carried into effect, reference
will be made, by way of example, to the accompanying
drawings which show at least one example embodiment, and
which are now described.

FIG. 1 is a perspective view of an example embodiment
of a portable electronic device;

FIG. 2 is a block diagram of a portion of the portable
electronic device;

FIG. 3 is a schematic diagram of an example embodiment
of a bus system;

FIG. 4a shows an example of an embodiment of an
encoding scheme utilizing two time slots for clock informa-
tion and one time slot for a data bit and sending clock
information before each data bit;

FIG. 45 shows another example embodiment of an encod-
ing scheme utilizing two time slots for clock information
and four time slots for data;

FIG. 4¢ shows an example embodiment of an increased
bandwidth encoding scheme utilizing one time slot for clock
information and four time slots for data thereby increasing
the bandwidth and lowering the power consumption;

FIG. 5a shows an example embodiment of an encoding
scheme that uses two time slots with a high to low transition
to represent a logic 0;

FIG. 56 shows an example of the encoding scheme of
FIG. 5a using two time slots with a low to high transition to
represent a logic 1;

FIG. 5¢ shows a series of bits “01110” using the encoding
scheme of FIGS. 5a and 5b;
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FIG. 5d shows an example embodiment of another
increased bandwidth encoding scheme that uses two time
slots for a first data bit and a clock edge and then one time
slot for each remaining data bit where the first data bit is a
logic 0;

FIG. 5¢ shows another example of the increased band-
width encoding scheme of FIG. 54 using two time slots for
a first data bit and a clock edge and then one time slot for
each remaining data bit where the first data bit is a logic 1;

FIG. 5f shows another example of the increased band-
width encoding scheme of FIGS. 5d and 5e using two time
slots for a first data bit and a clock edge and then one unique
time slot for each remaining data bit where the first data bit
is a logic 0 and the remaining data bits are ‘011°;

FIG. 6 shows an example embodiment of several devices
that communicate with one another using an increased
bandwidth encoding scheme in accordance with the teach-
ings herein;

FIG. 7a is a flowchart of an example embodiment of a
method to generate and receive an increased bandwidth
signal in accordance with the teachings herein;

FIG. 75 is a flowchart of another example embodiment of
a method to receive and generate an increased bandwidth
signal in accordance with the teachings herein;

FIG. 8 is a block diagram of an example embodiment of
a signal generation unit for generating an increased band-
width signal in accordance with the teachings herein;

FIG. 9a is a block diagram of an example embodiment of
a clock edge detector for detecting a clock edge in an
increased bandwidth signal in accordance with the teachings
herein;

FIG. 95 is a block diagram of an example embodiment of
an increased bandwidth signal and a resulting edge detect
signal generated by the clock edge detector of FIG. 9a;

FIG. 10aq is a block diagram of an example embodiment
of a period detection unit for detecting a clock period in an
increased bandwidth signal in accordance with the teachings
herein;

FIG. 106 shows an example of an autocorrelation function
for the period detection unit of FIG. 10a based on an
increased bandwidth signal having the general sequence DO,
D0, D1, D2, D3 and D4,

FIG. 11 is a block diagram of an example embodiment of
a correlation counter for detecting a clock period in an
increased bandwidth signal in accordance with the teachings
herein;

FIG. 12a shows an example embodiment of a stereo
system with current and voltage sensing that can use an
increased bandwidth signal along with multi-channel data
transmission in accordance with the teachings herein for
communication; and

FIG. 125 shows an example of a frame format that can be
used for a unified communication protocol with increased
bandwidth encoding for the system of FIG. 12a.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Various apparatuses or processes will be described below
to provide an example of an embodiment of each claimed
subject matter. No embodiment described below limits any
claimed subject matter and any claimed subject matter may
cover processes or apparatuses that differ from those
described below. The claimed subject matter are not limited
to apparatuses or processes having all of the features of any
one apparatus or process described below or to features
common to multiple or all of the apparatuses or processes
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described below. It is possible that an apparatus or process
described below is not an embodiment that is recited in any
claimed subject matter. Any subject matter disclosed in an
apparatus or process described herein that is not claimed in
this document may be the subject matter of another protec-
tive instrument, for example, a continuing patent applica-
tion, and the applicants, inventors or owners do not intend to
abandon, disclaim or dedicate to the public any such subject
matter by its disclosure in this document.

Furthermore, it will be appreciated that for simplicity and
clarity of illustration, where considered appropriate, refer-
ence numerals may be repeated among the figures to indicate
corresponding or analogous elements. In addition, numerous
specific details are set forth in order to provide a thorough
understanding of the embodiments described herein. How-
ever, it will be understood by those of ordinary skill in the
art that the embodiments described herein may be practiced
without these specific details. In other instances, well-known
methods, procedures and components have not been
described in detail so as not to obscure the embodiments
described herein. Also, the description is not to be consid-
ered as limiting the scope of the example embodiments
described herein in any way, but rather as merely describing
the implementation of various embodiments as described.

In at least some cases, the example embodiments of the
systems and methods described herein may be implemented
as a combination of hardware or software. In some cases, the
example embodiments described herein may be imple-
mented, at least in part, by using one or more computer
programs, executing on one or more programmable devices
comprising at least one processor, a data storage system
(including volatile and non-volatile memory and/or storage
elements), at least one input device (e.g. a keyboard, mouse
or touchscreen), and at least one output device (e.g. a display
screen, a printer, a wireless radio and the like).

For example, and without limitation, the programmable
devices may include servers, personal computers, laptops,
tablets, personal data assistants (PDA), cell phones, smart
phones, gaming devices, stereos, DVD players, Blu-ray
players and other mobile devices. Program code can be
applied to input data and/or output data to perform the
functions generally described herein.

It should also be noted that at least some of the elements
used to perform at least one of the methods described herein
that are implemented via software may be written in a
high-level procedural language such as object oriented pro-
gramming. Accordingly, the program code may be written in
C, C** or any other suitable programming language and may
comprise modules or classes, as is known to those skilled in
object oriented programming. Alternatively, or in addition
thereto, at least some of these elements implemented via
software may be written in assembly language, machine
language or firmware as needed. In other cases, some or all
of'the elements may be implemented using a language suited
for silicon implementation such as Verilog or VHDL. In
either case, the language may be a compiled or interpreted
language.

The computer programs may be stored on a storage media
(e.g. a computer readable medium such as, but not limited to,
ROM, magnetic disk, optical disc) or a device that is
readable by a general or special purpose programmable
device. The program code, when read by the programmable
device, configures the programmable device to operate in a
new, specific and predefined manner in order to perform at
least one of the methods described herein.

Furthermore, some of the programs associated with the
systems and methods of the embodiments described herein
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are capable of being distributed in a computer program
product comprising a computer readable medium that bears
computer usable instructions for one or more processors.
The medium may be provided in various forms, including
non-transitory forms such as, but not limited to, one or more
diskettes, compact disks, tapes, chips, and magnetic and
electronic storage. In alternative embodiments, the medium
may be transitory in nature such as, but not limited to,
wire-line transmissions, satellite transmissions, Internet
transmissions (e.g. downloads), media, digital and analog
signals, and the like. The computer useable instructions may
also be in various formats, including compiled and non-
compiled code.

It should also be noted that the term coupled as used
herein can have several different meanings depending in the
context in which the term is used. For example, the term
coupling can have a mechanical, electrical, optical or com-
municative connotation. For example, in some contexts, the
term coupling indicates that two elements or devices can be
physically connected to one another or connected to one
another through one or more intermediate elements or
devices via a direct coupling, such as a wire or cable, for
example. In some contexts, the term coupling indicates that
two elements or devices can be connected through other
means such as a wireless signal, optical signal, magnetic or
electrical signal, for example. Furthermore, the term “com-
municative coupling” indicates that an element or device can
electrically, optically, or wirelessly send data to another
element or device as well as receive data from another
element or device.

It should also be noted that, as used herein, the wording
“and/or” is intended to represent an inclusive-or. That is, “X
and/or Y” is intended to mean X or Y or both, for example.
As a further example, “X, Y, and/or Z” is intended to mean
X or Y or Z or any combination thereof.

It should also be noted that the terms “master” and as
“slave” as used herein are meant purely from a technological
point of view and in particular denotes the technical rela-
tionship between a host device or a first element and a
peripheral device or second element in which the first
element or master device provides instructions or control
signals to the second element or slave device. Accordingly,
the use of the terms “master” and “slave” as used herein is
not meant to carry any connotation beyond the technical
meaning given here.

It should also be noted that although an increased band-
width encoding scheme is described herein with various
example embodiments that show a data bus that couples
various elements together, the increased bandwidth encod-
ing scheme according to the teachings herein can also be
implemented over a different interface such as a wireless or
optical interface. Furthermore, the increased bandwidth
encoding scheme can be integrated with a variety of different
bus communication protocols.

The detailed description begins with a general description
of' a mobile device and then proceeds to describe example
embodiments of an increased bandwidth encoding scheme
that can be used so that devices can communicate with one
another using a single wire or single channel based on
combining clock information and data signals in a unique,
more efficient manner while being able to support different
types of data formats and communication protocols. The
increased bandwidth encoding scheme according to the
teachings herein may be used to provide a high bandwidth
interface with low power consumption for devices that
communicate with one another. In addition, or alternatively,
the increased bandwidth encoding scheme according to the
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teachings herein may also be used to provide a high band-
width unified interface for devices that generate numeric
data in different formats but can be coupled to communicate
with one another using one or more channels.

The increased bandwidth encoding scheme according to
the teachings herein allow for communication between at
least two devices, such as between a master device and a
slave device, between two or more master devices, between
two slave devices and between a master device and more
than one slave device. The data communication between the
devices generally utilizes a clock signal unless otherwise
specified and the communication can be bi-directional
unless otherwise specified. The clock signal is used to obtain
timing information about when to sample or write during
specific time slots. The clocking information is normally
provided by the master but could also be provided by other
devices.

The data that is communicated using the increased band-
width encoding schemes, according to the teachings herein,
may include synchronization data, control data, numeric
data, and clock information. The numeric data can be audio
data or measurement data such as current, voltage, pressure,
temperature, and the like. The numeric data can be initially
produced by a device in a bitstream (PDM, pulse density
modulated) format or a digital word format (PCM, pulse-
code modulation). Digital words are meant to cover binary-
coded words such as twos complement or sign magnitude,
and floating point words (i.e. unsigned or two’s complement
word), but could also be a compressed or encrypted version
of digital data. Some power may also be transmitted over a
physical bus using the increased bandwidth encoding
scheme by charging internal circuits with energy delivered
during the signaling of information, e.g. a high voltage level
could be used to simultaneously signal a logic high and at
the same time charge an internal circuit in a slave to provide
power. This scheme will work as long as the power con-
sumption requirements are moderate or small for the
devices.

The various increased bandwidth encoding schemes
according to the teachings herein allow for a reduction in the
number of wires that may be used for a bus or a reduction
in the number of communication channels when using
wireless or optical communication. Accordingly, the
increased bandwidth encoding scheme according to the
teachings may generally be implemented on a single wire
bus or using a single communication channel.

The various increased bandwidth encoding schemes
according to the teachings herein permits the use of only two
timeslots to be used by a master device to transmit clock
information while all the following timeslots can be con-
trolled independently by different transmitters thereby
enabling quicker switching between multiple transmitters.
This may allow lower latency between transmission from
different transmitters and different channels. Furthermore,
the encoding has a lower number of transitions per trans-
mitted value as compared to earlier solutions and thereby
lowers power consumption.

Depending on the particular communication protocol that
may be used with the increased bandwidth encoding
schemes taught herein, it may be possible to allow for
continuous operation, unless otherwise stated, of a variable
number of devices that are all synchronized by the same
clock signal and charge or discharge the bus at specified time
instants, depending on the bus communication protocol that
is used. In embodiments where the system clock frequency
is low, one or more bus holders can be added to maintain
charge on the bus.
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In bus architectures, there is often a mechanism for
devices to signal when they need to use the bus, while it is
in use, and the nature of the use, such as for numeric data and
the transmission of command instructions, for example.
However, bus control can become quite complicated when
numerous asynchronous processes are attempting to share
the bus efficiently as well as when those processes use
different data formats such as bitstream (PDM) data and
digital word data. For example, in conventional bus systems,
different interfaces are needed to support various kinds of
data. As an example, traditional PCM interfaces support
digital word data but not bitstream data and bitstream
interfaces do not support digital word data. There are often
systems that use both types of data since in some applica-
tions sensors use Nyquist-type converters (e.g. temperature
sensors, accelerometers, and displays) that use binary words
and in some applications bitstream interfaces are used for
low latency applications such as beamforming, active noise
cancellation or low latency control applications using micro-
phones and digital class-D amplifiers with PDM inputs, for
example. Conventional bus systems use one interface to
communicate digital word data (such as the McBSP inter-
face which requires 4 bus wires), another interface to
communicate bitstream data (such as at least one McPDM
interface which requires another 4 bus wires) and another
interface for control data (such as I°C which requires
another 2 bus wires) for a total of at least three interfaces and
at least 10 bus wires and terminals. This adds costs and extra
space requirements for the components involved as well as
increased power consumption. Furthermore, when such sys-
tems are used with external devices, multiple connectors are
used resulting in larger space requirements.

Accordingly, in at least one embodiment described herein,
one aspect of the increased bandwidth encoding scheme
described herein is the provision of a unified interface that
can handle bitstream data, digital word data and control data
while using a smaller number of wires and therefore a
smaller number of terminals. The advantages of bitstream
processing, such as low latency and fast transient response,
can be maintained by avoiding the use of the digital word
format. Therefore, an aspect of at least one embodiment of
the increased bandwidth encoding scheme described herein
is that bitstream data can be multiplexed in order to achieve
the same latency for bitstream processing (i.e. one bit
latency). Furthermore, digital word data can be transmitted
one bit a time with each bit being multiplexed with the
bitstream data, which eliminates the use of a digital word
data interface. In addition, control data, such as synchroni-
zation data and command data, can be converted to a
bitstream format and embedded as part of the multiplexed
data, which eliminates the use of an extra interface (e.g. I°C)
and also provides a robust programmable multiformat data
interface.

Referring now to FIG. 1, shown therein is a perspective
view of a portable electronic device 10. In this example, the
portable electronic device 10 is a mobile communication
device such as a cellular phone or a smart phone. However,
it should be understood that the embodiments described
herein are not limited to a phone but can be extended to any
electronic device that can benefit from an increased band-
width encoding scheme. Examples of such electronic
devices generally include any portable electronic device
such as cellular phones wireless organizers, personal digital
assistants, computers, laptops, handheld wireless communi-
cation devices, wireless enabled notebook computers, tablet
computers or e-readers, electronic security devices, wireless
Internet appliances, radios, TV’s, electronic games, setup
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boxes and the like. Other examples are provided throughout
this description. The electronic devices listed herein which
are mobile are generally portable and thus are battery-
powered and may have limited processing power and/or
limited space, in which case it is beneficial to use a more
efficient communication protocol as described herein. Elec-
tronic devices may also include cable television boxes,
music players, computing devices, non-portable electronics
and the like.

The portable electronic device 10 has a body 12 which
includes a display screen 14, a keyboard/keypad 16, a set of
buttons 18 and a user input device 20, such as a trackpad or
a trackball. It will be understood that the user input device
20 is representative of a user-operated pointing or input
device, which could also be presented as a joystick, scroll
wheel, roller wheel, mouse or touchpad or the like, or
another button. The portable electronic device 10 includes
other parts that are not shown or described because they are
well known to those skilled in the art. The portable elec-
tronic device 10 also includes at least one port 22 for
receiving an electrical connector or a jack.

It should be noted that in at least some embodiment, the
display screen 14 can be a touch screen that operates as an
input device as well as an output device. It will be appre-
ciated that there may be embodiments where device 10 can
be a touch screen only device, i.e. with no keyboard or input
device 20 and the touchscreen performs the operations of the
keyboard 16 and the input device 20.

Referring now to FIG. 2, shown therein is a block diagram
of a portion of the portable electronic device 10. The
portable electronic device 10 further includes a controller
30, which is connected to a chip 32, such as a headset or
headphone interface chip, which is integrated within the
portable electronic device 10. The controller 30 can be
implemented using a processor or dedicated circuitry. The
chip 32 includes a switch matrix and jack configuration
detect portion 34 which is integrated with a port 36 for
receiving a jack 38 associated with a cable 40, such as a
video cable or a headset cable. The switch matrix 34
includes a plurality of individual input and output ports 42
for receiving and transmitting signals with corresponding
wires or lines 44a to 44d within the jack 38.

The wires 44a to 444 within the jack 38 represent signal
lines, such as audio and/or video lines. The set of individual
lines, typically four, although other jack configurations with
other number of wires are contemplated, allow for commu-
nication between the portable electronic device 10 and a
device located at the other end of the cable, such as a
headset. In one embodiment, the wires 44a and 44b can be
a pair of audio lines, the wire 44¢ can be a ground line and
the wire 444 can be a microphone line. One of these lines
may be used for communication and thereby serves as the
communication bus for a single wire bus embodiment,
typically the microphone line, for example. The remaining
lines may be used for other functionality. Typically, one line
will be used for ground while the remaining two lines may
be used for headphone output. In another configuration, one
line may be used for bus communication, one may be used
for ground, a third line may be used for power and the last
line is left for other purposes such as a separate clock line,
for transmission of video signals or for other functionality.
In other embodiments, a single wire bus may be used in
digital or analog transmissions between devices, e.g.
between a mobile device and a digital docking station.

Referring now to FIG. 3, shown therein is a schematic
diagram of an example embodiment of a bus system 50. The
bus system 50 includes a master device 52, such as a
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portable electronic device or a headset interface chip within
a portable electronic device, and a slave device 54, such as
a headset. Although only one slave device 54 is shown, it
will be understood that multiple slave devices may be
coupled to the bus system 50 for communication with the
master device 52. Accordingly, the description provided
herein for the slave device 54 can be generally applied to
other slave devices that are connected to the bus system 50.

The master device 52 or the slave device 54 may include
an Inter-Integrated Circuit (I°C) interface 56 which is con-
nected to a baseband processor or other mobile processing
unit. The master device 52 or slave device 54 may also
include an I°S or similar interface for digital audio data.
Inputs, or input signals, 60 to the I°C interface 56 and a serial
interface 58 may include, but are not limited to, an external
clock signal 60a (EXT CLK), an I*C clock signal 605 (I°C
CLK) and an I°C data signal 60¢ (I°C DAT). An output of
the low speed serial interface 58 is connected to the slave
device 54 via a cable 62, such as a co-axial cable. As
described above, one of the wires or lines within the cable
62 provides a bus 64 that is used for communication between
the slave device 54 and the master device 52 and can be seen
as the single wire bus. The bus 64 may be used where the
number of pins or wires is limited or for high reliability with
respect to noise immunity.

In a single wire bus embodiment, a single wire may
combine multiple functions, including, but not limited to,
the transmission of both clock and data, which may be
represented by a group of symbols. The first two time slots
may be utilized to transmit one bit of data and clock
synchronization information while the controlling master
device 52 would tri-state (or drive weakly, e.g. open drain or
open collector topology) subsequent time slots until the start
of the next group of symbols. This allows both the master
device 52 and any slave devices attached to the single wire
bus 64 to write in any of these subsequent time slots except
the two slots that are reserved for initial clock synchroni-
zation and data information in accordance with the teachings
herein. As an example, the I°C interface 56 may retrieve and
send data to the slave device 54 over the bus 64. In other
embodiments, communication over the bus 64 may be
controlled via a connection to a baseband processor or
another processing unit. Accordingly, control of the master
device 52 can be via the I°C interface 56, through another
control interface or as part of a connection to the baseband
processor or other processing unit that has the master device
52 perform various operations such as, but not limited to,
PING (e.g. to check bus status), READ (e.g. to read from a
register inside a device attached to the bus 64), WRITE (e.g.
to write to a register inside a device attached to the bus 64)
and FUNCTION (e.g. to start the execution of a specific
routine inside a device attached to the bus 64) commands or
operations, which are described in further detail below.

In operation, a synchronization (sync) signal, control
signals of information, data, a clock and possibly also power
that is transmitted between the master device 52 and the
slave device 54 over the bus 64. Accordingly, the bus 64
allows continuous operation of a number of external devices
and all devices are synchronized by the same clock signal.
The clock signal can be used as a sampling clock for internal
circuits such as sigma-delta converters or for continuous
operation of a complex logic circuit. In other embodiments,
there may be instances in which the clock signal is kept at
a steady level such as static low logic level or a static high
logic level to save power when there is no activity on the bus
64. The clock and data information may be transmitted
during the first two data time slots and during the remaining
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data time slots, an internal clock recovery circuit inside a
slave device may be used to keep track of the correct time
to sample and drive the bus 64. The output from this clock
recovery circuit may be used as the sampling clock for
internal circuits within the slave device.

The master device 52 is capable of generating framing
information in order to allow the slave device 54, or multiple
slave devices, to be synchronized to the bus 64. In at least
one embodiment, the frame length may be determined by an
8-bit register that provides a separation distance between the
start of each block of command data. In another embodi-
ment, the unit of measure is a nibble which equals four (4)
bits.

In one example embodiment of a communication protocol
that can be used with the increased bandwidth encoding
schemes described herein, a frame is defined to include three
control words: a synchronization word (i.e. the S word) and
two command words (i.e. the X command word and the Y
command word) for sending commands to and from the
slave devices. The command words may either be separated
by a given number of time slots or transmitted together in a
single group in a single column for a data frame (this is
described in more detail later with respect to FIGS. 12a and
125).

The size of the components that communicate via the bus
64 may be decreased by using at least one embodiment of
the increased bandwidth encoding scheme described herein.
For example, if implemented in the portable electronic
device 10 of FIG. 2, the increased bandwidth encoding
scheme in accordance with the teachings herein allows the
bus 64 to transmit the clock signal and data over a single
wire which reduces the number of pins that are occupied in
the chip 32 thereby allowing the other pin ports 42 to be used
for other functionality or to reduce the total pin-count,
silicon area or cost of the chip at the Printed Circuit Board
(PCB) level.

In general, the slave device 54 may indicate that it wishes
to communicate with the master device 52 by changing the
signal during a PING (i.e. status) operation. In this case, data
can then be transmitted between the slave device 54 and the
master device 52 via a READ, WRITE or FUNCTION
operation. The master device 52 can also initiate a READ,
WRITE or FUNCTION operation on its own. In order to
initiate the communication, the master device 52 and the
slave device 54 are synchronized to each other.

The synchronization and command words, collectively
referred to as control words, may be 16 bits long and are
generally sent out during every frame. In other embodi-
ments, the length of the control words may be some other
length, e.g. 8 bits and the number of control words in a frame
may differ from three. The frame format may vary according
to application and in some cases may be programmed. For
example, In at least one embodiment, there may be one
mode of operation in which the data bits are interleaved
between the individual bits in each control word; one benefit
of this data interleaving is the support of multiple low
latency bitstream data channels. In some embodiments,
control data may be interlaced with audio data or other data
(i.e. “bitstream” mode) and in other embodiments the inter-
face may transfer control, synchronization and audio data in
separate blocks and not interlaced, “word” mode, similar to
the transfer of TDM data.

In an example embodiment, the master device 52 may
perform several control functions including: status monitor-
ing (i.e. a PING operation), reading a register (i.e. a READ
operation), writing to a register (i.e. a WRITE operation) and
executing functions (i.e. a FUNCTION operation). The type
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of operation is determined by the master device 52. In some
embodiments, the master device 52 is controlled by a system
controller (not shown). In these cases, the interface between
the master device 52 and the system controller can be
implemented using an I°C bus or by integrating these two
system components into one device (i.e. a processor).

In order to communicate with the slave device 54, the
master device 52 transmits a synchronization (i.e. sync or S)
word that has synchronization data that the slave device 54
(or devices) may use to synchronize their internal timing, or
their internal clock, with the master device 52 and conse-
quently the bus 64 as well. In general, the first control word
that the master device 52 transmits in a frame is the S word.
Accordingly, the S word can be used to initiate the start of
a frame. The first bit that is transmitted is the S15 bit
followed by the S14 bit and so on. The bits may be
transmitted immediately after each other or with a constant
gap between the transmission of these bits.

The various embodiments associated with the increased
bandwidth encoding, in accordance with the teachings
herein, can be used to enhance data communication by
changing how the clock signal is transmitted on the bus 64
or a non-wired communication channel. For example, it is
possible to use one or more time slots that are normally used
for data transmission in order to add redundancy to an
increased bandwidth signal and thereby convey clock infor-
mation that is multiplexed with data in the increased band-
width signal. Therefore, the data itself is used to convey a
clock edge. In addition, one time slot is used to transmit each
of the data bits. This allows for an increase in efficiency for
data transfer as will now be described. This also results in
less power consumption and the bandwidth utilized to
convey the clock information can be reduced.

The increased bandwidth encoding schemes described
herein may also be used for high bandwidth applications
with low power consumption. An example of this is ultra-
sonic microphones requiring high bandwidth and low power
consumption.

The increased bandwidth encoding techniques described
herein may be used if bitstream data is being transmitted or
if word data is being transmitted over a single wire or using
a single non-wired transmission channel. This technique
also allows for data channels to be controlled independently
of one another as the technique to encode clock information
in the increased bandwidth signal is not constrained to use
multiple bits of data from a given channel but may use one
data bit from each different channel if so desired when
transmitting the clock information. Similarly, this increased
bandwidth encoding scheme can be used with multiple
sources. In the increased bandwidth encoding scheme, a
clock transition may take place every N bits and therefore
the increased bandwidth encoding scheme allows for syn-
chronization to be maintained without using a second wire
for separate clock and data lines.

Referring now to FIG. 4a, shown therein is an example
embodiment of an encoding scheme utilizing two time slots
for clock information and one time slot for a data bit and
sending clock information before each data bit. This encod-
ing scheme may be transmitted on a single wire bus or a
single wireless or optical communication channel. The clock
is defined by the rising edges, while the data is defined by
the falling edges. This has been described more in published
U.S. patent application 2012/0144078, entitled “Single wire
bus system”, which for purposes of a US patent application
is hereby incorporated by reference for any purpose, how-
ever, if this published patent application conflicts with the
present explicit disclosure then the present disclosure con-
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trols. Accordingly, each data bit is transmitted using three
time slots (in other words a bus cycle includes three time
slots): one time slot is used for sending a clock low signal,
one time slot is used for sending a clock high signal and one
time slot is used for the actual data bit D. Accordingly, the
leading edge is used to convey clock information while the
trailing edge is used to convey data information. In this case,
the data bandwidth is %5 as compared to if all time slots were
available to transmit data and the power consumption is
related to 2 transitions per bit (one transition for low-high
and one transition for high-low).

Referring now to FIG. 4b, shown therein is an example of
another encoding scheme that utilizes two time slots for
clock information and four time slots for data. Again, two
time slots are utilized to convey the clock information (a first
data slot signals a low clock signal and a second data slot
signals a high clock signal). In this case, each group of data
has 6 time slots, the data bandwidth is 24 as compared to if
all time slots were available to transmit data and the power
consumption is related to 0.875 transitions per bit. Thus, the
bandwidth available for data transfer is higher and the power
consumption is lower as compared to the encoding scheme
shown in FIG. 4qa, while the same low-to-high transition is
used to signify clock information, which may be used for
synchronization.

Referring now to FIG. 4¢, shown therein is an example
embodiment of an increased bandwidth encoding scheme
utilizing one unique time slot for clock information and five
unique time slots for data thereby increasing the bandwidth
and lowering the power consumption. In this case, one data
bit out of a group of data bits is repeated once but transmitted
the second time with an alternate polarity (i.e. it is bit
inverted), thereby creating a clock transition for every group
of N data symbols. In this example, N is 6. In other words,
the first bit of a string of data is repeated a second time with
opposite polarity, in order to convey an edge of a clock
signal. One of the data bits is transmitted twice, once
inverted and once normal (or vice-versa), to provide a clock
transition for every group of data and providing devices with
a transition to use in order to lock onto the bus. Accordingly,
D, and Dy, provide the clock edge as well as transmit one bit
of data (i.e. D). In an alternative embodiment, these two bits
could be transmitted in the opposite order, e.g., transmit D,
first and then D,,. The data bit D, is transmitting information
such as audio information, control information, synchroni-
zation information or other information. However, since
clock information is transmitted for every group of symbols
transmitted, the first data slot represented by D, first and
then D, are in the direction from a master device to a slave
device and can therefore not be used to receive data from a
slave device. A good use of this bit may therefore be to
transmit control data from the master device to a slave
device or audio data from the master device to a slave
device, but not for receiving any data from a slave device at
the master device. Therefore, the data bit D, can have any
value regardless of the activity on the bus 64. In this example
embodiment, in six time slots there are now five bits of data
that are transmitted.

In the example of FIG. 4c¢, the data bandwidth is % (five
transmitted bits per six data slots) and the power consump-
tion is related to 0.7 transitions per bit. In order to make this
determination it is assumed that the data bits are not corre-
lated. Therefore, going from Dy—D1, D1—-D2, D2—D3,
D3—D4 and D4—D0 there is a probability of 2 of a
transition (if the next bit is the same value, there is no
transition). The transition from D0 to D, has a probability of
1 of a transition. Therefore, the total number of transitions
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is 5*%0.5+1=3.5. There are a total of 5 bits that are transmit-
ted. Therefore, the total power consumption per bit is 0.7
transitions per bit (i.e. 3.5/5). Accordingly, this new
increased bandwidth encoding scheme to convey clock
information together with data information results in a
greater bandwidth (% as compared to all time slots allocated
to data) and lower power consumption as compared to the
bandwidths of %5 (for FIG. 4a) and %5 (for FIG. 4b). This is
achieved since the increased bandwidth encoding schemes,
in accordance with the teachings herein, can be used to
extend the width of the data field thereby allowing a higher
bandwidth as well as enabling a lower power consumption
by decreasing the number of logical shifts. Accordingly, the
increased bandwidth encoding scheme in FIG. 4c¢ is suited
for bus systems that use high bandwidth and have low power
consumption and also use a single wire or medium to
transmit information. In other embodiments, the transmis-
sion medium could be a single optical or wireless commu-
nication channel. In alternative embodiments, the number of
time slots following the initial time slots used to transmit D0
and Dy, is a different integer than four.

In addition, with the increased bandwidth encoding
scheme, as described herein, it should be noted that all time
slots except for those that are used to transmit D0 and D, can
still be driven individually by different devices that com-
municate with respect to one another on the single wire bus
64 or through a single wireless or optical communication
channel.

Furthermore, in at least one embodiment of the increased
bandwidth encoding schemes described herein utilizes only
two states to transfer the clock and data information. Essen-
tially, phase modulation of a carrier may be used to ensure
clock and data information are always present in a series of
data bits that are transmitted using the increased bandwidth
encoding scheme.

It should be noted that a PLL may be used in the receiver
of a device in order to extract the clock information from the
stream of data generated using the increased bandwidth
encoding scheme. Furthermore, a PLL that utilizes a single
clock edge (e.g. a low-to-high or a high-to-low) transition,
such as type III or type IV phase detectors, may utilize a
small delay line together with an XOR gate in order to find
the transition for every series of data bits. In this application,
the delay could conveniently be less than or equal to one
time slot and the direct and the delayed signal may be feed
to an XOR gate and the output from the XOR gate may be
provided to the phase detector.

Alternatively, an internal clock signal plus detection of
events (i.e. by counting) or comparison of events (i.e. by
having an analog delay) may be used in the receiver of a
device in order to extract the clock information from the
stream of data generated using the increased bandwidth
encoding scheme.

FIGS. 5a to 5¢ illustrate encoding schemes that can be
modified in accordance with the increased bandwidth encod-
ing schemes to generate increased bandwidth signals as
shown in FIGS. 5d to 5/

FIG. 5a shows an example embodiment of an encoding
scheme that uses two time slots with a high to low transition
to represent a logic ‘0’ value. Every data bit is transmitted
using two time slots and thereby include clock information
together with every data bit transmitted. FIG. 56 shows an
example of the encoding scheme of FIG. 54 using two time
slots with a low to high transition to represent a logic ‘1’
value. It should be noted that in other embodiments the
signal transition shown in FIG. 54 can be used to represent
a logic ‘1’ value and the signal transition shown in FIG. 55
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can be used to represent a logic ‘0’ value. The bits shown in
FIGS. 5a and 56 may be the first bit for a group of bits (bits
may also be referred to as symbols) and the length of the
groups of bits may be anywhere from 1 to M where M is an
integer number that is greater than or equal to 1.

Referring now to FIG. 5¢, shown therein is a series of data
bits “01110”. In each of the examples of FIGS. 54 to 5¢, each
of the data bits uses two time slots to provide a clock edge
and indicate a logic value. Therefore every bit is represented
using two time slots. This is a low bandwidth encoding
scheme compared to the encoding scheme shown in FIGS.
5d to 5f.

Referring now to FIG. 5d, shown therein is an example
embodiment of another increased bandwidth encoding
scheme that uses two time slots for a first data bit and a clock
edge and then one time slot for each remaining data bit. In
this example, the first data bit has a logic ‘0’ value.

Referring now to FIG. Se, shown therein is another
example of the increased bandwidth encoding scheme of
FIG. 5d using two time slots for a first data bit and a clock
edge and then one time slot for each remaining data bit. In
this example, the first data bit has a logic ‘1’ value.

For the increased bandwidth encoding scheme shown in
FIGS. 5d and 5e, the use of a double time slot for the first
data bit ensures a clock carrier will always be transmitted no
matter what data bit (i.e. a logic ‘0’ or a logic ‘1’) is
transmitted. Accordingly, with the increased bandwidth
encoding scheme of FIGS. 54 and 5e, the number of time
slots is reduced per data bit, except for the first data bit. This
is more easily seen in the example of FIG. 5f. Furthermore,
since clock information is only transmitted in the first two
time slots, all subsequent time slots can be used indepen-
dently by different transmitters. This allows full bi-direc-
tional bus operation and not just a single ended connection
from a single transmitter to one or more receivers as when
using certain prior art encoding techniques.

Referring now to FIG. 5f, shown therein is another
example of the increased bandwidth encoding scheme of
FIGS. 5d and 5e using two time slots for a first data bit and
a clock edge and then one unique time slot for each
remaining data bit. In this example, the first data bit has a
logic ‘0’ value and the remaining data bits are ‘011” and
encoded using NRZI encoding. Therefore the group of data
bits or symbols that are transmitted is ‘0011°. In other
embodiments, the data bits may be encoded using direct
logic signaling (i.e. a logic zero is always transmitted by
either a low or high voltage level irrespective of the previous
transmitted symbol).

In the example embodiment of the increased bandwidth
encoding scheme shown in FIGS. 54 to 5f, the first data bit
may be transmitted by a clock source, such as the master
device 52 for example (although not always), while the next
three data bits can be transmitted by any other source or
device.

In the example embodiment of the increased bandwidth
encoding scheme shown in FIGS. 54 to 5, a logic ‘0’ value
may be transmitted as no change in voltage level and a logic
‘1’ value may be transmitted as a change in voltage level.
Accordingly, the very first bit that is transmitted either has
a 1-0 transition (e.g. a high to low transition) to indicate a
logic ‘0’ value and a clock edge, or a 0-1 transition (e.g. a
low to high transition) to indicate a logic ‘1’ value and a
clock edge. Accordingly and assuming the master device
only transmits in the first two time slots, it would transmit
0172777. 1If logic zeros are transferred as no-change in
voltage level and logic ones as a change in voltage level
(NRZI encoding) or vice-versa, then it is possible for more
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than one transmitter to signal in the same time slot. This
allows many devices to write to the same time slot since all
of the devices may have a tri-state output except for the
device that is writing a logical one to the bus. Therefore,
there cannot be a physical bus collision and there is no need
for pull-up or pull-down resistors that would result in higher
power consumption and lower speed. For any unused time
slots, the appropriate output drivers may be tri-stated while
a bus holder may be used to maintain the previous value that
was written to the bus.

In an alternative embodiment of an increased bandwidth
encoding scheme, a logic ‘1’ value may be transmitted as no
change in voltage level and a logic ‘0’ value may be
transmitted as a change in voltage level. The very first bit
can be transmitted either has a 1-0 transition (e.g. a high to
low transition) to indicate a logic ‘1’ value and a clock edge,
or a 0-1 transition (e.g. a low to high transition) to indicate
a logic ‘0’ value and a clock edge or vice-versa.

In another alternative embodiment of an increased band-
width encoding scheme, it is possible to look the previous
data bit that is sent before the first data bit in a current group
or series of data bits and then let the series of data bits
depend on this previous data bit. The previous data bit is the
last data bit of the previous group or series of data bits that
was transmitted. With this increased bandwidth encoding
scheme, if the previous data bit was a logic ‘0’, then the first
data bit in the current series of data bits is transmitted as 1-0.
Alternatively, if the previous data bit was a logic ‘1°, then
the first data bit in the current series of data bits is trans-
mitted as 0-1. Again the opposite transition scheme could
have been chosen to signify a logic ‘1” or a logic ‘0’ in the
first data bit in the current series of data bits. The subsequent
data bits would be transmitted as shown above in the
example of FIG. 5/

Referring now to FIG. 6, shown therein is an example
embodiment of a system 100 with several devices that may
communicate with one another using an increased band-
width encoding scheme in accordance with the teachings
herein. A master device 52a, slave devices 54a and 545 and
a controller 102 communicate with one another using a bus
64a and an increased bandwidth encoding scheme. In some
cases, the controller 102 is optional. In some cases, the
controller 102 can act as a slave device. In other cases, the
controller 102 can act as a master device. In some cases, the
controller 102 may act as a slave device and lock on to the
bus 64a as a slave device, but with the additional capability
of being able to send out commands (but not framing
information) like the master device 52a. In this example
embodiment, the controller 102 will act as a slave device.

The time slots for data transmission (e.g. bits 2 to N) on
the bus 64a may or may not be defined by a framer which
is a circuit that sends out clock and synchronization infor-
mation. In some embodiments, the framer may be limited to
sending out frame synchronization information and a sepa-
rate circuit will provide the clock information. In some
instances the framer may merely provide information about
the start of every frame. The framer is normally contained in
the master device 52a but may be contained in other devices
in other embodiments. The N bit is the last bit transmitted
in a series of data bits. When the N bit is transmitted for a
series of data bits and a later series of data bits needs to be
transmitted, the framer takes over and sends synchronization
information with a replicated inverted version of a data bit
to signify a clock edge. For example, a first bit D0 of the
later series of data bits and an inverted version DO of the first
bit of the later series of data bits can be sent as {D0, D0} or
as {D0, D0} to signify a clock edge. As another example, an
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inverted version of the last bit DN of the current series of
data bits that were just transmitted can be sent as the first bit
in the later series of data bits to be transmitted to signify a
clock edge as {DN, DN}.

With the increased bandwidth encoding scheme and an
appropriate communication protocol, such as that described
in U.S. patent application Ser. No. 12/958,942 or in U.S.
patent application Ser. No. 13/784,457, data can be sent in
different time slots in the same series of data bits by one or
more devices attached to the bus 64a thereby providing
two-way communication between the master device 52a and
one or more slave devices 54a, 545 and 102. The contents
of'both U.S. patent application Ser. No. 12/958,942 and U.S.
patent application Ser. No. 13/784,457 are hereby incorpo-
rated by reference.

Therefore, the time slots 0 and 1 for each series of data
bits are reserved for the framer which sends out both
synchronization information (i.e. time slots 0, 1) and one
data bit (i.e. time slot 1) while the subsequent bits can either
be transmitted from the master device 52a to one or more of
the slave devices 54a, 545 and 102 or from one or more
slave devices 54a, 54b and 102 to the master device 52a or
to other slave devices. Since the data may be transferred
from the master device 52a to one or more slave devices 54a
and 545 in these two time slots, the data may be audio or
some other information that does not require a slave device
to respond to. Therefore, any command information (e.g.
register read and writes) may be located in a different time
slot, e.g. time slot number 3 or the last time slot at the end
of a group of symbols.

In some embodiments, depending on the communication
protocol, the master device 52a may be able to issue
commands to the slave devices 54a, 545 and 102 that receive
information from the master device 52a. In other embodi-
ments, depending on the communication protocol, the sys-
tem configuration may be fixed, i.e. the configuration of the
slave devices and the master device 52a does not change
during operation and they will transmit and listen to the
same time slots as defined initially during power-up.

It should be noted, that in some embodiments, the con-
troller 102 may functions the same way as a slave device, i.e.
receives timing information, commands and data from the
master device 52a, but the controller may also be able to
issue commands like the master device 52a.

In one example embodiment, the master device 52a may
be configured to transmit clock timing information in time
slots 0 to 1, transmit data in any of time slots 1 to N and
receive data in any of time slots 2 to N. Furthermore, in this
example embodiment, the slave devices 54a, 54b and 102
may be configured to transmit data in any of time slots 2 to
N, receive data in any of time slots 1 to N and synchronize
with the framer (e.g. master device 52a) using bits trans-
mitted in time slots 0 to 1. In general, to prevent bus crashes,
the slave devices 54a, 54b and 102 do not transmit data
while the master device 52a is sending out the bits used for
synchronization in time slots 0 to 1. It should be noted that
data transmitted on the bus 644 in the time slots 1 to N are
considered to be a series of data bits.

Referring now to FIG. 7a, shown therein is a flowchart of
an example embodiment of a method 150 to generate an
increased bandwidth signal in accordance with the teachings
herein. The method generally starts at 152 when a commu-
nication channel, such as the bus 64a is being initialized for
use. In this case, before any actual data is transmitted, the
time slots are not activated and the master device and slave
device(s) will not output data. Method 150 may be used by
a master device.
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At 154 a data register is updated with a new digital data
word which 1is a series of data bits, such as
‘0110111010101100° for example (other word lengths can
be used).

At 156, the method 150 determines whether the entire
digital data word has been transmitted. It should be noted
that in this case the digital data word may be referred to as
a series of data bits or a group of data herein. This deter-
mination of whether the entire digital data word has been
transmitted may be done by using a counter or an accumu-
lator which maintains a count that is incremented by one
when each data bit is transmitted. The count may then be
compared to the word length. When the count equals the
word length then all data bits have been transmitted. If all of
the data bits have been transmitted, the method 150 goes to
158 where the method 150 ends. In an alternative embodi-
ment, the method 150 can check to see if another digital data
word or another group of data bits are to be transmitted and
if so loop back to 154. If not all of the data bits have been
transmitted the method 150 proceeds to 160.

At 160, the method 150 determines whether or not the
data bit to be transmitted is the first data bit from the group.
If the decision at 160 is true, then the method 150 proceeds
to 162 where the first data bit followed by an inverted
version of the first data bit is transmitted. Alternatively, the
inverted version of the first data bit may be transmitted
followed by the first data bit.

If the decision at 160 is false, then the method 150
proceeds to 164 where it is determined whether the master
device has to transmit a data bit in the current time slot (i.e.
if the master device is active during this time slot) as there
may be situations in which the master device is supposed to
receive or at least listen to the bus in order to receive a data
bit during the current time slot. If it is determined that the
master device is to transmit during the current time slot, then
method 150 proceeds to 166 at which point the data bit is
transmitted during the current time slot.

If it is determined at 164 that the master device is not to
transmit during the current time slot but is to receive during
the current time slot, the method 150 proceeds to 168. At 168
it is determined whether the master device is to receive a
data bit. Ifthis is true, the method 150 proceeds to 169 where
the master device receives the data bit. If this condition is
false, the method 150 proceeds to 156.

After acts 162, 166 or 168, the method 150 loops back to
156 in order to transmit the rest of the data bits from the
register.

In an alternative embodiment, the last bit of the previous
digital data word that was transmitted may be retained such
that the first bit that is transmitted in a current series of data
bits is the inverted version of this last bit to signify a clock
edge for the current series of data bits that can be used for
timing information. This embodiment has the advantage,
that the second bit that is transmitted can be transmitted
either by the master device or by a slave device, but is
essentially the same encoding except with a different num-
bering of the bits.

In an alternative embodiment, a method of encoding a
series of data bits to increase bandwidth comprises selecting
a data bit, generating an inverted version of the selected data
bit, positioning the inverted version of the selected data bit
in a consecutive fashion with respect to the selected data bit
to signify an edge of a clock signal, and transmitting or
receiving the inverted version of the selected data bit and
subsequent data bits each in single unique time slots thereby
providing an increased bandwidth signal with clock infor-
mation for the series of data bits.
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In an alternative embodiment, a method for generating
data for communication between devices comprises deter-
mining time slots for sent and received data bits according
to an increased bandwidth encoding scheme, selecting a data
bit at a beginning of a current transmission period or at an
end of a previous transmission period, generating an
inverted version of the selected data bit, positioning the
inverted version of the selected data bit and the selected data
bit in two consecutive time slots to convey an edge of a clock
signal; and transmitting or receiving subsequent data bits at
unique single time slots after the two time slots having the
inverted version of the selected data bit and the selected
data.

This method may further comprises positioning the
inverted version of the selected data bit in a first time slot for
a current transmission period if the selected data bit is at the
ending of a previous transmission period or positioning the
selected data bit and the inverted version of the selected data
bit consecutively in first and second time slots for the current
transmission period if the selected data bit is at the beginning
of the current transmission period.

Referring now to FIG. 7b, shown therein is a flowchart of
another example embodiment of a method 170 to generate
an increased bandwidth signal in accordance with the teach-
ings herein. Method 170 may be used by a slave device or
a bus controller (an alternate master device that is locked
onto the bus that is able to submit command onto the bus).
Method 170 is similar to method 150 except that at 182 the
slave device receives a data bit and the inverted bit (in either
order). This is because only a master device may transmit the
two data bits that are used to convey clock information and
all slave devices are configured to receive data bits during
these time slots. Otherwise, method 170 is similar to method
150 including the variant embodiments of method 150.

Referring now to FIG. 8, shown therein is a block diagram
of an example embodiment of a signal generation unit 200
that can generate an increased bandwidth signal in accor-
dance with the teachings herein. It should be noted that other
configurations may be used for the signal generation unit
200; for instance, other elements may be used depending on
the particular communication protocol that incorporates
increased bandwidth encoding in accordance with the teach-
ings herein. The example embodiment that is shown
assumes that only the master device transmits data. Other-
wise, in alternative embodiments where this assumption is
not the case, the output may be tri-stated when other devices
attached to the bus transmit data on the bus.

The signal generation unit 200 comprises an input termi-
nal that receives data to transmit, a register 202, an inverter
204, a multiplexer 206, an output stage, which in this case
is a D flip flop 208, and a synchronous counter 210. The
signal generation unit 200 may be coupled through the
interface to a device that includes a framer such as a master
device, a controller or another device that will provide the
data to transmit, for example. If the device is not a master
device, or if devices other than the master device are active
on the bus, the output may be tri-stated or disabled when
other drivers are signaling. The input terminal and the output
terminal of the output stage can be coupled to this interface
to receive and send signals. The input terminal may be a
series of single pins or single ports and the output terminal
of the output stage may be a single pin or a single port.

In general, the signal generation unit 200 is configured to
select a data bit, generate an inverted version of the selected
data bit and position the inverted version of the selected data
bit in a consecutive fashion with respect to the selected data
bit to signify an edge of a clock signal with the selected data
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bit, the inverted version of the selected data bit and subse-
quent data bits each being transmitted or received in a single
unique time slot thereby providing an increased bandwidth
signal with clock information for a series of data bits being
transmitted.

In general, the register 202 is configured to receive the
series of data bits (i.e. data to transmit) that are to be
transmitted. The register 202 generally has N elements to
hold N data bits. The value of N can vary depending on the
communication protocol. The register 202 also receives the
clock input signal CLK IN which provides timing for the
register to provide the series of data bits to the inverter 204
and the multiplexer 206.

The inverter 204 is coupled to the register 202 and is
configured to receive the selected data bit and generate an
inverted version of a selected data bit. In this example, the
selected data bit is DO0.

The multiplexer 206 is coupled to the register 202 and the
inverter 204. The multiplexer 206 is configured to receive
the series of data bits from the outputs Q0 to Q6 of the
register 202 and the inverted version of the selected data bit
from the output of the inverter 204. In this example, the
inverted version of the selected data bit is received at a first
input SO of the multiplexer 206 which is adjacent to a second
input S1 of the multiplexer 206 that receives the inverted
version of the selected data bit. In an alternative embodi-
ment, the selected data bit may be received at a first input S0
of the multiplexer 206 and the second input S1 of the
multiplexer 206 may receive the inverted version of the
selected data bit. The remaining data bits for the series of
data bits are received at inputs S2 through S7 consecutively.
The multiplexer 206 also has input pins C0 to C2 to receive
a control signal from the synchronous counter 210 to control
which data bit from the inputs S1 to S7 is sent to the output
Q of the multiplexer 206 for a certain time slot.

The counter 210 is coupled to the multiplexer 206 and to
the clock input signal CLK IN. The counter 210 provides a
count input (e.g. bits C0, C1, C2) to the multiplexer 206 to
cause the multiplexer 206 to output the series of data bits and
the inverted version of the selected data bit with each bit
being sent in a unique time slot with the inverted version of
the selected data bit and the selected data bit being sent
consecutively to produce the increased bandwidth signal.
The timing of the time slots is determined by the clock input
signal CLK IN. The counter 210 counts the number of data
bits that have been transmitted in the current series of data
bits to be transmitted including the inverted version of the
selected and when the count gets to N=7, it re-starts the
count from O for the next series of data bits to transmit.

It should be noted that another configuration of logic gates
may be used to provide the proper synchronization reset
signal to the counter 210 depending on the number of bits
that are to be transmitted. Furthermore, more logic may be
necessary if more than one transmitter is transmitting on the
bus.

The output stage, which includes the D flip flop 208 in this
example embodiment, is configured to receive multiplexed
data from the output of the multiplexer 206 as well as the
clock input signal CLK IN. The output stage is configured to
send the multiplexed data to a downstream device or ele-
ment, such as the interface, with each bit being sent in a
unique time slot and the timing of the time slots being
defined by the clock input signal CLK IN. The use of the
output stage helps to ensure that a clean output signal is
generated by the signal generation unit 200.
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For the example embodiment shown in FIG. 8, the
inverted version of the selected data bit precedes the non-
inverted version of the selected data bit when outputted by
the output stage.

However, it should be understood that the signal genera-
tion unit 200 can be alternatively implemented so that the
non-inverted version of the selected data bit precedes the
inverted version of the selected data bit when outputted by
the output stage.

Furthermore, for the example embodiment shown in FIG.
8, the selected data bit is a first data bit D0 in a current series
of data bits being currently transmitted.

However, it should be understood that the signal genera-
tion unit 200 can be alternatively implemented so that the
selected data bit is a last data bit D6 in a previous series of
data bits that was just transmitted.

It should be noted that the embodiment of the signal
generation unit 200 is provided as an example for a certain
communication protocol. For example, for a communication
protocol in which different devices or different sources may
transmit in different time slots. In this case, the device that
is controlling the timing information, such as a framer, a
master device or a controller as discussed with respect to
FIG. 6, is the only device that provides the data bit DO which
is sent along with an inverted version of D0 in the first two
time slots by the signal generation unit 200. During the other
time slots, other devices, sources or different channels from
one device may provide a data bit for transmission in which
case all of the other devices, sources or different channels
may tri-state or disable the output in other ways (e.g. using
open-drain or open collector driving) to avoid a bus conflict
from happening.

In an alternative embodiment, an electronic device that
communicates according to a communication protocol may
comprise an interface for sending and receiving signals; and
a data transceiver coupled to the interface, the data trans-
ceiver being configured to determine time slots for sent and
received data bits according to an increased bandwidth
encoding scheme that uses bit inversion with at least a
selected bit and an inverted version of the selected bit being
positioned consecutively in a series of data bits to convey an
edge of a clock signal along and positioning each bit in a
single unique time slot.

In an aspect of this embodiment, the bit inversion com-
prises replicating a first bit in the series of data bits, inverting
either the replicated data bit or the first bit and transmitting
the replicated data bit before the series of data bits.

In another aspect of this embodiment, the data transceiver
may comprise a phase locked loop (PLL), a delay line and
an XOR gate coupled to one another and configured to
retrieve the clock signal.

The data transceiver generally recovers the clock infor-
mation in the increased bandwidth signal in order to be able
to receive the data bits correctly and possibly also transfer
information back to the device that sent out the timing
information during the first two timeslots (where bit inver-
sion is used to signify a clock edge). This can be done using
an edge type PLL or a Delayed Lock Loop (DLL). In order
to utilize all transitions due to bit inversion, the PLL or DLL
should preferably use both data edges for synchronization.
This may be done by delaying the increased bandwidth
signal slightly and multiplying or performing the logical
XOR function with the non-delayed signal. This will result
in a positive output whenever there is a transition in logic
level regardless of the direction. Furthermore, if a transition
in logic level is expected but does not occur, the PLL may
be able to search for the next possible position in order to
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detect the period for the clock edges in the increased
bandwidth signal. In some embodiments, the clock recovery
circuit may perform a cycle skipping (e.g. increase an
internal delay) whenever a transition is expected but does
not happen. After some time the circuit will get in lock with
the correct start of data and here there will be a transition at
every start of a group of bits.

Referring now to FIG. 9a, shown therein is a block
diagram of an example embodiment of a clock edge detector
250 for detecting a clock edge in an increased bandwidth
signal in accordance with the teachings herein. The clock
edge detector 250 has a detector input, a delay unit 254, an
XOR gate 256 and a detector output. It should be understood
that there may be other embodiments in which the clock
edge detector has different components or a different con-
figuration depending on how the increased bandwidth signal
is structured and possibly also depending on the communi-
cation protocol that is used.

The detector input receives a series of data bits (labeled
DATA) which is an increased bandwidth data signal in
accordance with the teachings herein. The clock edge detec-
tor 250 processes the series of data bits to detect the edge of
a clock transition in the series of data bits. The detector
output provides an indication of edge detection in the output
signal labeled EDGE DETECT.

The delay unit 254 is coupled to the detector input to
receive the increased bandwidth signal and generate a
delayed version of the increased bandwidth signal labeled as
DELAYED DATA in FIG. 95.

The XOR gate 256 is coupled to the delay unit 254 and the
detector output to perform a logical XOR function on the
increased bandwidth signal and a delayed inverted version
of the increased bandwidth signal to produce an edge
detection signal at an output of the XOR gate 256. The
detector output is coupled to the output of the XOR gate 256
for providing the edge detection signal EDGE DETECT.

Referring now to FIG. 95, shown therein is a block
diagram of an example embodiment of an increased band-
width signal DATA, a delayed version of the increased
bandwidth signal DATA DELAYED and a resulting edge
detection signal EDGE DETECT generated by the clock
edge detector 250. In this example, the first series of data bits
(i.e. the first group of symbols) D0-D3 is {0, 1, 1, 0} is
followed by a second group of symbols D4-D7 which is {0,
0, 0, 1}. For simplicity it is assumed the bits are transmitted
as a high level for one and a low level for a zero (i.e. not
NRZI encoded). The first data bit DO is selected for inver-
sion and the inverted bit was transmitted first in the series of
data bits. As can be seen in the EDGE DETECT signal, the
true clock edges are indicated by the arrows in the row titled
“Always trigger”. The other pulses in the EDGE DETECT
signal are random pulses indicated by the arrows in the row
titled “Random trigger”. Since the clock edges due to bit
inversion are consistent and the other edges in the EDGE
DETECT signal are random, the consistent edges due to bit
inversion can be used for synchronization. The synchroni-
zation mechanism may skip through the sequence by a delay
equal to one time slot or less whenever a transition has not
been found at the assumed position of synchronization. This
way, the detector may quickly go through all positions until
the start of a group is found at DO and DO.

In an alternative embodiment, the clock edge detector
may be alternatively be implemented to employ autocorre-
lation. Referring now to FIG. 104, shown therein is a block
diagram of an example embodiment of a period detection
unit 300 configured to recover a clock signal and determine
a period for an increased bandwidth signal in accordance
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with the teachings herein. The detected period can be used
to synchronize devices to the particular configuration being
used for an increased bandwidth signal.

The period detection unit 300 comprises an edge detector
250" that is configured to receive the increased bandwidth
signal (labeled as DATA) and send the detected edges to a
correlation counter 304 that also receives a second clock
signal from an internal clock 302. In other embodiments, the
second clock signal may be provided by an external clock.
The period detection unit 300 is configured to determine a
maximum value of the autocorrelation function of the
increased bandwidth signal as this indicates the period of the
increased bandwidth signal. The correlation counter 304
may include IIR filters for each correlation channel in order
to filter out spurious spikes from the autocorrelation process
to give a well filtered and smooth output.

Referring now to FIG. 1056, shown therein is an example
of an autocorrelation function for the period detection unit
300 based on an increased bandwidth signal having the
general sequence: DO, D0, D1, D2, D3 and D4. The bit D0
is the first data bit in a series of data bits or group of data.
One period of the increased bandwidth signal is from the
time slot where the inverted bit DO is transmitted to the time
slot when the last data bit D4 is transmitted. As is shown, the
autocorrelation has a maximum value at the time slot when
the inverted first data bit is transmitted, i.e. when there is a
delay of zero between the internally assumed start position
and the real start position. The second maximum of the
sequence indicates the length of a group of symbols. By
knowing the length of a sequence of symbols synchroniza-
tion may be obtained, since it is now known in what time
window the transition should happen in order to be a valid
start. In FIG. 105, the first maximum after the initial
maximum located at zero delay is found to be after a six
sample delay, i.e. each group repeats after six samples. A
PLL or DLL or similar circuit should then use this infor-
mation (group size is six samples) to determine the distance
between each start of a group. If there are no changes within
a certain group position, it is not the correct one and one
should skip to the next position.

Referring now to FIG. 11, shown therein is a block
diagram of another example embodiment of a correlation
counter 350 for detecting a clock period in an increased
bandwidth signal in accordance with the teachings herein.
The detected period can be used to synchronize devices to
the particular configuration being used for an increased
bandwidth signal.

The correlation counter 350 comprises an input terminal,
an internal clock 352, an edge detector 250", a shift register
356, a plurality of XOR gates 358, a plurality of accumu-
lators 360, an index unit 362 and an output terminal. The
input terminal receives the increased bandwidth signal (la-
beled DATA) and the output terminal provides the period of
the increased bandwidth signal (labeled Period detection). In
some alternative embodiments, the edge detector 250" and
the internal clock 352 may not be part of the correlation
counter 350.

The input terminal receives the increased bandwidth
signal and provides this signal to the edge detector 250'. The
edge detector 250" may operate as discussed previously for
edge detector 250 in order to generate the EDGE DETECT
signal. In some cases, an alternative design may be used for
the edge detector 250" as compared to the edge detector 250.

The shift register 356 is coupled to the edge detector 250
to delay the EDGE DETECT signal a number of times and
provide a plurality of shifted EDGE DETECT signals at the
outputs of the shift register 356. The plurality of shifted
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EDGE DETECT signals may be used to find the period of
the repetition of the transitions in the increased bandwidth
signal.

Each XOR gate 364 to 374 of the plurality of XOR gates
is coupled to the outputs of the edge detector 250 and the
shift register 356 to respectively receive the EDGE
DETECT signal and a unique shifted EDGE DETECT signal
from the plurality of shifted EDGE DETECT signals as
inputs. In this example embodiment there are 6 bits in the
series of data bits meaning D0, D0, D1, D2, D3, D4, which
is consistent with the example shown in FIG. 105. The XOR
gates 364 to 374 are configured to apply an XOR logical
function to their inputs. The outputs of the XOR gates 364
to 374 are provided to the plurality of accumulators 360.

Each accumulator 376 to 386 of the plurality of accumu-
lators 360 is coupled to the output of a unique XOR gate 364
to 374 of the plurality of XOR gates 360 and configured to
accumulate an output of the unique XOR gate for a given
amount of bits from the DATA signal. Due to the random
nature of the received data, it may take some time to
distinguish between random data and the synchronization
event. The accumulation of data may require several hun-
dred of even a few thousand events to reliably distinguish
between random data and the synchronization event, i.e. the
accumulators may be 10-16 bits long for a relatively short
group size (2-8 bits). If the group length is longer than the
synchronization time will increase approximately by the
square root of M, where M is the number of elements in each
group. This means that the word length would increase by
LOG 2(square root(M)). The output of each accumulator
376 to 386 of the plurality of accumulators 360 is coupled
to the index unit 362. The outputs of the plurality of
accumulators 358 can be illustrated as a histogram, an
example of which is shown in FIG. 105.

The index unit 362 is coupled to the plurality of accu-
mulators 360 and is configured to determine an index value
that corresponds to a given accumulator of the plurality of
accumulators 360 that provides a maximum value as this
indicates the period of the increased bandwidth signal DATA
(as explained previously in relation to FIG. 105). The index
is provided as the Period detection output signal. A delay
equal to zero is not included in the calculation, since this first
maximum will not indicate the period, but merely show the
correlation of the signal with itself.

The period of the increased bandwidth signal DATA can
be used to adjust internal timing to the DATA signal thereby
recovering the clock information and period of the DATA
signal. If the timing and length of each group of symbols
(bits) is well known, it may not be necessary to include a
circuit that finds the length of each group of symbols. In this
case, the autocorrelation circuit may be omitted and the
output from the edge detector may be used directly to control
a PLL together with other circuits that closely represent the
known timing of the bus. This alternate solution may require
the number of symbols sent per group to be fixed and/or the
frequency of operation to be fixed or within a narrow range.

It should be noted that in alternative embodiments, the
number of shifts provided by the shift register, the number
of the plurality of XOR gates 358 and the number of
accumulators 360 can be increased relative to an expected
period for the increased bandwidth signal in order to deter-
mine the period of the clock edges in the increased band-
width signal with more accuracy.

In an alternative embodiment, a known length may be
used for each series of data bits in an increased bandwidth
signal so that the clock period remains steady during opera-
tion and can be used by the various devices communicating
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with one another without having to use a more complex
design, such as that shown in FIG. 10a or FIG. 11, for the
receiver or transceiver at the devices to determine the period.

It should be noted that the increased bandwidth encoding
scheme can be integrated with a variety of different com-
munication protocols such as, but not limited to, S/PDIF,
TOSLINK, near field magnetic links, sensor bus systems
and the IEEE standard 802.3, for example.

It should also be noted that the increased bandwidth
encoding scheme described herein can be used with a
plurality of data formats such as binary words, digital word
data, bitstream data, as well as string and floating point data,
encrypted data, compressed data or special encoded data
such as multilevel PDM streams or other data types depend-
ing on the particular communication protocol that is used
(e.g. WiFi, SPDIF, TOSLINK, Bluetooth, I°S, I°C, McBSP,
McPDM, PDM, etc.) or the system that the increased
bandwidth encoding is used in.

For example, in the case of bitstream data, data may be
sent to or received from different ports of a device or from
different devices that may be grouped together in a variety
of different ways, such as by using the communication
protocol described in U.S. patent application Ser. No.
13/784,457, for example. The encoding schemes described
herein may then be used for support of various applications
such as, but not limited to, digital headsets and HDTV audio
applications, for example. Alternatively, the encoding
schemes described herein may then be used to enable more
audio channels, more control channels or the use of a lower
clock frequency when transmitting frames of data thereby
increasing the functionality of the communication protocol.
An example illustrating this versatility with the increased
bandwidth encoding scheme will now be discussed with
respect to FIGS. 12a and 125.

The communication protocol described in U.S. patent
application Ser. No. 13/784,457 will now be described for
better understanding of FIGS. 12a and 124. This commu-
nication protocol is described as a unified bus communica-
tion protocol which generally is understood to provide a
unified interface that can handle bitstream data, digital word
data and control data while using a smaller number of wires
or communication channels, such as a single wire bus or a
single communication channel, and therefore a smaller num-
ber of terminals. Furthermore, it should be understood that,
as used herein, the term unified bus communication protocol
means that the unified bus communication protocol has been
extended to include the use of one of the increased band-
width encoding schemes described herein.

The term numeric data is meant to include audio data or
measurement data such as current, voltage, pressure, tem-
perature and the like. The numeric data can be initially
produced by a device in a bitstream format or a digital word
format. In some embodiments, multi-level PDM data may be
transmitted in the same way that PCM data are transferred.
Digital words are meant to cover binary coded words, and
floating point words (i.e. unsigned or two’s complement
word).

The unified bus communication protocol can transfer both
PDM and PCM data at the same time by multiplexing data
streams from different transmitters. When transmitting bit-
stream data information is transferred one bit at a time and
may be multiplexed from different data channels instead of
transferring all the data from each data channel one data
channel at a time. It is possible to transfer PCM words in
bitstream mode. The PCM words may be transferred in a
single column (i.e. a single frame channel), as if the other

20

30

35

40

45

55

24

columns (i.e. frame channels) did not exist or multiplexed
directly with PDM data in one or more frame channels.

The term data channel generally refers to a channel that
generates or receives data in a certain format. Accordingly,
a word data channel is a channel that operates on digital
word data and a bitstream data channel is a channel that
operates on bitstream data.

The term frame channel is used to define channels of data
in a bitstream frame or a unified bitstream frame in which
the frame channels are multiplexed and are given certain
time slots in a frame.

In a unified frame format, there is at least one virtual
frame channel in which digital word data for at least one
word data channel are transmitted one bit at a time. In the
unified frame format, there may also be at least one bit-
stream frame channel which receives bitstream data from
one or more bitstream data channels. The bitstream frame
format and the unified frame format generally include a
bitstream of command words in a control channel.

Bitstream data may be generated as the output of over-
sampled systems such as, but not limited to, delta-sigma
converters, for example. The oversample rate is used to
indicate the ratio between a sampling clock and the final
output sample rate after decimation (or vice-versa for inter-
polation). Bitstreams are used to transfer data in telecom-
munication and audio applications and as a storage format
(e.g. on super audio CDs, SACD).

A digital word is a sequence of 0’s and 1’s having a
certain resolution that is used to represent an analog value in
a digital format. For example, a 16-bit digital word has 16
bits where each bit can be a 0 or a 1. The digital word can
be produced using a method called Pulse Code Modulation
(PCM) in which case the digital words are referred to as
PCM words or audio words (for audio applications). PCM
words are used for digital audio in a variety of devices
including CDs, Blu-ray players, DVD players, computers,
smart phones, laptops, tablets and the like.

At the various devices that use word data channels, the
digital word data may be multiplexed with bitstream (e.g.
PDM, pulse density modulated) data for transmission on the
bus 64 or demultiplexed from the unified bitstream version
into word data where it is used by the device. As an example,
a system could contain two digital amplifiers that receive
bitstream data and a connection to a Bluetooth or digital FM
receiver or transmitter. The first slave devices (i.e. the
amplifiers) may use bitstream data or multiplexed PCM data
while the other devices may use multiplexed PCM data.

Digital word data may be multiplexed with bitstream data
by using one or more channels that are allocated as virtual
frame channels. In the virtual frame channels, digital word
data is multiplexed (i.e. interleaved or interlaced) one bit at
a time along with bitstream data while maintaining the
proper order of data for the data channels. There can also be
embodiments of the unified bus communication protocol in
which there are programmable combinations between chan-
nels that use bitstream data and channels that use digital
word data which allows for at least one of bandwidth control
and combining data that is sampled at different sampling
rates depending on the particular embodiment. A control
channel may also be allocated so that control data can be
multiplexed or interlaced one bit at a time along with other
types of data.

The data that is communicated using the unified bus
communication protocol generally includes synchronization
data, control data, numeric data, and clock information. The
synchronization data includes S words while the control data
includes X command words and Y command words. A frame
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format generally includes the transmission of an S word, a
X word and a Y word. After these commands have been
transmitted, there may be space allocated for data transmis-
sion depending on the particular use scenario.

The transmission of an S word by the master device 52
allows the slave devices that are physically connected to the
bus 64 to be locked on (i.e. synchronized) for communica-
tion with the master device 52 (the method to synchronize is
described in more detail in U.S. patent application Ser. No.
13/784,457). Transmission of the S word also allows the
master device 52 to determine if any interrupts have been set
that require attention.

Between the transmission of the S word and an X word,
random data or information may be transmitted over the bus
64 which can be picked up by at least one of the slave
devices 54 or the master device 52. This information
includes, but is not limited to, bitstreams, audio data or other
numeric data such as, but not limited to, sensor data for
example.

Transmission of an X word allows the master device 52
and the slave device 54 to determine if any specific function
or operation is to be executed or to determine the status of
at least some of the slave devices 54 or to specify a portion
of an address for an operation. Examples of operations
within a frame include a PING, READ, WRITE or FUNC-
TION operation and may be determined by the using certain
bits of the X word that identify the operation and may
provide information to be used by the particular operation.
The READ, WRITE and FUNCTION operations may be
used to send out or receive information to one specific
device attached to the bus 64. The FUNCTION operation
can be used for a variety of purposes. For example, the
FUNCTION operation may be used to set a slave device 54
to operate in a certain state, to request information about a
specific device or for testing purposes. In some embodi-
ments, the same functionality may be accomplished using
register reads or writes.

After transmission of the X word (assuming that there
were no interrupts set), further data, as described previously,
may be transmitted over the bus 64. A Y word is then
transmitted which provides further address information or
data information for the operation or status information for
at least some of the slave devices depending on the opera-
tion. The structure of the Y word will also depend on what
operation is currently under way. In general, the Y word is
used to communicate data and possibly address information
between the master device 52 and one or more slave devices
54.

Referring now to FIG. 12a, shown therein is an example
embodiment of a stereo system 400 with current (I) and
voltage sensing (V) that can use an increased bandwidth
signal along with multi-channel data transmission in accor-
dance with the teachings herein when using a communica-
tion protocol such as the unified communication protocol.
The stereo system 400 comprises a baseband processor 402,
a first amplification unit 404 with a first speaker 406, a
second amplification unit 408 with a second speaker 410 and
a bus 412. The first amplification unit 404 and the speaker
406 can be considered to be a left audio channel for the
stereo system 400 while the second amplification unit 408
and the speaker 410 can be considered to be a right audio
channel for the stereo system 400. The bus 412 couples the
baseband processor 402 with the first and second amplifier
units 404 and 408.

The baseband processor 402 comprises a processing unit
414, a mux and framer (which provides clock and synchro-
nization information) 416 and a memory 418. The process-
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ing unit 414 can be a processor, such as a DSP, or a dedicated
hardware circuit. The mux and framer 416 is configured so
that the baseband processor 402 acts as a master device so
that it can communicate with and control the operation of the
first and second amplification units 404 and 408 over the bus
412 in accordance with the unified bus communication
protocol in combination with the increased bandwidth
encoding scheme.

The first amplification unit 404 comprises a control unit
420, a mux and sync engine 422, and a delta sigma converter
424, an amplifier 426, a current sensor 428 and a voltage
sensor 430. The mux and sync engine 422 is configured so
that the first amplification unit 404 acts as a slave device and
can communicate with the baseband processor 402 over the
bus 412 in accordance with the unified bus communication
protocol. The control unit 420 can be implemented by a
processor or dedicated hardware and firmware that control
the operation of the first amplification unit 404. In operation,
audio data is transmitted from the baseband processor 402 to
the first amplification unit 404 for amplification. The audio
data is converted to an analog format via the converter 424,
amplified by the amplifier 426 and output by the speaker
406. Current and voltage information related to the opera-
tion of the amplification unit 404 is measured by the current
sensor 428 and the voltage sensor 430, respectively, and
transmitted to the baseband processor 402 for monitoring the
operating condition of the amplification unit 404. If the
monitoring indicates that the amplification unit 404 is in a
dangerous state, such as overheating, overcurrent or under-
voltage, the baseband processor 402 can send control
instructions to the amplification unit 404 to deal with the
dangerous situation, as is understood by those skilled in the
art.

The second amplification unit 408 comprises a control
unit 432, a mux and sync engine 434, a delta sigma converter
436, an amplifier 438, a current sensor 440 and a voltage
sensor 442. The mux and sync engine 434 is configured so
that the second amplification unit 408 acts as a slave device
and can communicate with the baseband processor 402 over
the bus 412 in accordance with the unified bus communi-
cation protocol. The control unit 432 can be implemented in
a similar fashion as the control unit 420. In operation, the
second amplification unit 408 operates in a similar fashion
as the first audio amplification unit 404.

The mux and framer 416 and the mux and sync engines
422 and 434 may be used to generate data and place the data
in certain time slots on the bus 412 according to the frame
format of the unified bus communication protocol that is
being used. The mux and framer 416 and the mux and sync
engines 422 and 434 may also be used to generate synchro-
nization information (S words) for the unified bus commu-
nication protocol.

In general, a mux and framer as well as a mux and sync
engine can be implemented using a processor. However,
since there is approximately a 2K gate count for a mux and
framer or a mux and sync engine, a state machine or other
dedicated circuitry may also be used for implementation.
For example, in a typical 0.18 um process, a mux and framer
for a master device may be implemented in 0.04 mm?. A
complete master device with full audio support may be
somewhat larger, but may be less than 0.1 mm®. Mux and
sync engines for slave devices can be of a similar size in both
cases. In an alternative embodiment, the baseband processor
402 can be implemented using a main processor for an
electronic device that contains the baseband processor 402
or a baseband processor for a cell phone or a smart phone
may be used in those cases.
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It should be noted that the mux and framer 416 and the
mux and sync engines 422 and 434 can be implemented as
hardware blocks. Furthermore, in an alternative embodi-
ment, at least one of the processing unit 414 and the control
units 420 and 432 may be integrated with the corresponding
elements 416, 422 and 434, respectively.

In the example system 400 of FIG. 12a, bandwidth use
can be improved by multiplexing data in various ways. This
concept can be used for other types of applications other
than audio applications in which there are differences in
bandwidth of the various data similar to this current
example. Multiplexing data can be accomplished by sharing
a channel among multiple transmitters which results in a
reduction in bandwidth use for each transmitter. The multi-
plexing between the transmitters or channels can be imple-
mented by using several counters and buffers.

This concept of bandwidth control can also be extended to
control the bandwidth of a control channel by using more
than one channel for one transmitter. In other words, by
sending out data from a transmitter more than once in the
horizontal direction of a bitstream frame format, the band-
width allocated to the control frame channel can be reduced
and therefore the bandwidth that is used for the transmission
of control words is smaller. An example of this is shown in
FIG. 124 in which the control frame channel (i.e. the last
column) is now 1 out of 6 bitstream frame channels for a
bandwidth of ¥6=16.7% as compared to an example embodi-
ment in which the control frame channel is 1 out of 4
bitstream frame channels for a control bandwidth of
14=25%.

Referring now to FIG. 125, shown therein is an example
of'a portion of a frame format that can be used for the unified
communication protocol with increased bandwidth encoding
for the system 400. Although the data in FIG. 125 is shown
starting with S0 of the S synchronization word, it could have
started with S15 which is at the start of a frame of data. For
every series of data bits, in accordance with the increased
bandwidth encoding scheme described herein, two time slots
are used to transmit clock information combined with data
and one time slot is used to transfer any subsequent data bit.

The frame format shown in FIG. 126 comprises six
columns and each amplifier 404 and 408 in the system 400
has a port that receives a binary bitstream and a port with
two channels, each transmitting bitstream data (I and V
information) at a lower sample rate. The amplification unit
404 provides a first port for a left audio channel (L) and a
second port for IV-sense (IL, VL). The amplification unit
408 provides a first port for a right audio channel (R) and a
second port for IV-sense (IR, VR).

In the frame format of FIG. 125, the last column is the
control channel that includes bits of the S word, X word and
Y word and possibly some audio data in the same column
following the control bits. The first and fourth columns are
isochronous bitstream frame channels having data for the
left audio channel. The second and fifth columns are iso-
chronous bitstream frame channels having data for the right
audio channel. The first column is a multiplexed isochronous
channel providing four different types of data.

It can be seen, that by varying how data bits from the
various ports of the amplification units 404 and 408 are
transmitted, the proportion of bandwidth that is allocated to
isochronous bitstream frame channels can be varied as
compared to the proportion of bandwidth that is allocated to
the control channel. For example, if a channel is repeated
often in the horizontal direction (such as for the left and right
audio channels) then more bandwidth is allocated to the
isochronous channel as compared to the control channel.
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Depending on the spaces vertically in a multiplexed channel
(such as the fourth column in the frame format of FIG. 125)
more or less bandwidth may be allocated to an isochronous
channel as compared to the control channel.

Accordingly, by performing at least one of combining
data from different bitstream data channels into a common
frame channel and by repeating the allocation of bitstream
data channels to different frame channels, the bandwidth of
the various data channels and the control frame channel can
be varied depending on the specific application for more
efficient bandwidth use and therefore more efficient data
transmission.

Accordingly, the increased bandwidth encoding schemes
taught herein may be used to implement a multichannel high
speed audio interface.

Furthermore, in an example embodiment, it is possible to
simplify the synchronization of data, because the start of
each row may be indicated by the physical layer and the
clock recovery circuit. This may be used to indicate the start
of each row and the number of columns in each row. In some
instances, the clock recovery circuit may merely indicate the
start of each time slot and not the start of each row for
simplicity; in this case the internal synchronization engine
may not be simpler but the clock recovery circuit may be
simpler. If it is required to get a response in the column
allocated to control, it is not in the same column that carries
the clock information, since this is sent from the master
device to the slave devices. A convenient place to place the
bi-directional command information may be in the second or
last column of a frame, though any column except the
column containing clock information may be used. There-
fore, the column transferring clock and data information
may normally contain audio or other information that is
transmitted from the master device to the slave devices.

In an alternative embodiment, it may be possible to use a
multi-level voltage scheme with one of the increased band-
width encoding schemes described herein to send out even
more data in a given time frame. For example, four voltage
levels can be used instead of two voltage levels to send two
data bits per time slot. This allows for higher bandwidth
since more data is being sent out in a given time period. The
multi-voltage level data scheme also allows for lower power
consumption since a lower clock rate can be used to send out
the same amount of data. However, a multi-voltage level
data scheme is more sensitive to ElectroMagnetic Interfer-
ence (EMI) than a two voltage level data scheme.

For example, assuming there is a 1.8 Volt power supply,
in the two voltage level data scheme, voltages of 0 V and 1.8
V can be used to transmit data, which means that there is a
0.9 V noise margin. With a four voltage level data scheme,
voltages of 0 V, 0.6 V, 1.2V and 1.8V can be used for the
different voltage levels, which means that there is a noise
margin of 0.3 V. In the four voltage level case, 0 V can
represent ‘00°, 0.6 V can represent ‘01°, 1.2 V can represent
“10” and 1.8 V can represent ‘11°. It should be noted that
when multilevel signaling is used, there is the minor limi-
tation in that only a single device can determine more than
one bit. Therefore, for any slots, where more than one device
may want to write to (e.g. acknowledge or interrupt bits) this
time slot would need to use only two voltage levels and not
multilevel signaling.

It should be understood that with the increased bandwidth
encoding schemes described herein it may be possible to
freely multiplex between two or more transmitters within
each group of symbols or each series of data bits. This means
that data can be freely sent from multiple microphones or
different devices and the data can be multiplexed together,
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which reduces latency. Any unused time slots in which a
data bit is not used may be tri-stated. Furthermore, if ones
(or zeros) are signaled using a change of logic state and the
other value, zeros (or ones), is signaled using no change of
logic state, then it may be possible to have multiple trans-
mitter signals in the same time slot (e.g. for interrupt
requests, IRQ).

Furthermore, with the increased bandwidth encoding
schemes described herein, data bits can either be transferred
using a wire or using a wireless medium, such as, but not
limited to, a magnetic coupled link or using electromagnetic
waves such as high frequency wireless transmission.
Accordingly, the increased bandwidth encoding schemes
can be used with a digital key that has two terminals (i.e. two
metal conductors) or using RF-ID wireless communications.

Furthermore, when using the increased bandwidth encod-
ing scheme along with a wire to conduct the information, the
information may be transferred using direct logical signaling
(totem pole or complementary outputs) or using topologies
that allow multiple devices to signal simultaneously such as,
but not limited to, open drain, open collector signaling or
dynamic signaling types such as NRZI signaling combined
with a bus holder or utilizing the bus capacitance.

In one broad aspect, in at least one embodiment described
herein, there is provided herein an electronic device com-
prising: a controller to control the electronic device; an
interface coupled to the controller, the interface being con-
figured to send and receive signals; and a signal generation
unit coupled to the controller and the interface, the signal
generation unit being configured to select a data bit, generate
an inverted version of the selected data bit and position the
inverted version of the selected data bit in a consecutive
fashion with respect to the selected data bit to signify an
edge of a clock signal with the selected data bit, the inverted
version of the selected data bit and subsequent data bits each
being transmitted or received in a single unique time slot
thereby providing an increased bandwidth signal with clock
information for a series of data bits being transmitted or
received.

The inverted version of the selected data bit may precede
the non-inverted version of the selected data bit.

Alternatively, the non-inverted version of the selected
data bit may precede the inverted version of the selected data
bit.

The selected data bit may be a first data bit in a current
series of data bits being currently transmitted.

Alternatively, the selected data bit may be a last data bit
in a current series of data bits being currently transmitted.

In another alternative, the selected data bit may be a last
data bit in a previous series of data bits that was just
transmitted.

The signal generation unit may comprise a register to
receive a series of data bits and a clock input signal; an
inverter coupled to the register and configured to receive the
selected data bit and generate the inverted version of the
selected data bit; a multiplexer coupled to the register and
the inverter, the multiplexer being configured to receive the
series of data bits and the inverted version of the selected
data bit with the inverted version of the selected data bit
being received at a first input of the multiplexer adjacent to
a second input of the multiplexer that receives the inverted
version of the selected data bit; and a counter coupled to the
multiplexer and to the clock input signal, the counter being
configured to provide a count input to the multiplexer to
cause the multiplexer to transmit the series of data bits and
the inverted version of the selected data bit with each bit
being sent in a unique time slot to produce the increased
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bandwidth signal, the timing of the time slots being deter-
mined by the clock input signal.

The device may further comprise an output stage config-
ured to receive multiplexed data from an output of the
multiplexer and the clock input signal, the output stage being
configured to send the multiplexed data to the interface in
the time slots according to the clock input signal.

The device may further comprise a clock edge detector
configured to receive the increased bandwidth signal and
detect transitions related to clock information in the
increased bandwidth signal, the clock edge detector com-
prising a detector input to receive the increased bandwidth
signal; a delay unit coupled to the detector input to receive
the increased bandwidth signal and generate a delayed
version of the increased bandwidth signal; an XOR gate
coupled to the delay unit and the detector output to perform
a logical XOR function on the increased bandwidth signal
and a delayed version of the increased bandwidth signal to
produce an edge detect signal at an output of the XOR gate;
and a detector output coupled to the output of the XOR gate
to provide the edge detect signal.

The device may further comprise a Phase locked loop
‘PLL or a Delay Locked Loop ‘DLL’ coupled to the detector
output in order to determine a period and to get in lock with
the increased bandwidth signal.

The device may further comprise a clock edge detector
configured to receive the increased bandwidth signal, detect
transitions in the increased bandwidth signal related to clock
information and output the detected transitions in an edge
detect signal; and a period detection unit coupled to the
clock edge detector and configured to recover a clock signal
and determine a period for the increased bandwidth signal,
the period detection unit comprising a correlation counter
configured to receive the edge detect signal and a second
clock signal and to determine a maximum value of an
autocorrelation of the edge detect signal, the maximum
value indicating the period of the clock information in the
increased bandwidth signal.

The correlation counter may comprise an input terminal to
receive the edge detect signal; a shift register coupled to the
input terminal to receive the edge detect signal and config-
ured to provide a plurality of shifted edge detect signals; a
plurality of XOR gates, each XOR gate of the plurality of
XOR gates being coupled to the input terminal and the shift
register to receive the edge detect signal and a unique shifted
edge detect signal from the plurality of shifted edge detect
signals as inputs and being configured to apply a logical
XOR function to the inputs; a plurality of accumulators,
each accumulator of the plurality of accumulators being
coupled to a unique XOR gate of the plurality of XOR gates
and configured to accumulate an output of the unique XOR
gate; an index unit coupled to the plurality of accumulators
and being configured to determine an index value corre-
sponding to a given accumulator of the plurality of accu-
mulators that provides a maximum value; and an output
terminal coupled to the index unit for providing the index
value as a period detection signal.

The device may further comprise a Phase Locked Loop
‘PLL or a Delayed Locked Loop ‘DLL’ that processes the
period detection signal to setup a short window of interest to
lock onto the edge detect signal.

The series of data bits that may be transmitted or received
may comprise one of binary words, digital word data,
bitstream data, PDM data, PCM data, string and floating
point data, encrypted data, compressed data, compressed
audio, control data and encoded data.
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In another broad aspect, in at least one embodiment
described herein, there is provided herein an electronic
device that communicates according to a communication
protocol, wherein the device comprises an interface to send
and receive a signal; and a data transceiver coupled to the
interface, the data transceiver being configured to transmit or
receive during time slots according to an increased band-
width encoding scheme that uses bit inversion with at least
a selected bit and an inverted version of the selected bit
being positioned consecutively in unique time slots to con-
vey an edge of a clock signal and subsequent data bits being
positioned in a single unique time slots thereafter.

The bit inversion may comprise replicating a first data bit,
inverting either the replicated data bit or the first bit and
transmitting the replicated data bit before or after the first
data bit and then transmitting or receiving one or more of the
subsequent data bits.

The data transceiver may comprise a phase locked loop,
a delay line and an XOR gate coupled to one another and
configured to retrieve the clock signal.

In another broad aspect, in at least one embodiment
described herein, there is provided a method for generating
data for communication between devices, wherein the
method comprises determining time slots for sent and
received data bits according to an increased bandwidth
encoding scheme; selecting a data bit at a beginning of a
current transmission period or at an end of a previous
transmission period; generating an inverted version of the
selected data bit; positioning the inverted version of the
selected data bit and the selected data bit in two consecutive
time slots to convey an edge of a clock signal; and trans-
mitting or receiving subsequent data bits at unique single
time slots after the two time slots having the inverted version
of the selected data bit and the selected data.

The method may comprise positioning the inverted ver-
sion of the selected data bit in a first time slot for a current
transmission period if the selected data bit is at the ending
of a previous transmission period or positioning the selected
data bit and the inverted version of the selected data bit
consecutively in first and second time slots for the current
transmission period if the selected data bit is at the beginning
of the current transmission period.

In another broad aspect, in at least one embodiment
described herein, there is provided herein a non-transitory
computer readable medium comprising a plurality of
instructions executable on a device for encoding a series of
data bits to increase bandwidth, wherein the method com-
prises selecting a data bit; generating an inverted version of
the selected data bit; positioning the inverted version of the
selected data bit in a consecutive fashion with respect to the
selected data bit to signify an edge of a clock signal; and
transmitting or receiving the inverted version of the selected
data bit and subsequent data bits in single unique time slots
thereby providing an increased bandwidth signal with clock
information for the series of data bits.

In another broad aspect, in at least one embodiment
described herein, there is provided herein a method of
encoding a series of data bits to increase bandwidth, the
method comprising selecting a data bit; generating an
inverted version of the selected data bit; positioning the
inverted version of the selected data bit in a consecutive
fashion with respect to the selected data bit to signify an
edge of a clock signal; and transmitting or receiving the
inverted version of the selected data bit and subsequent data
bits each in single unique time slots thereby providing an
increased bandwidth signal with clock information for the
series of data bits.
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The inverted version of the selected data bit may precede
the non-inverted version of the selected data bit or the
non-inverted version of the selected data bit may precede the
inverted version of the selected data bit.

The selected data bit may be a first data bit in a current
series of data bits being currently transmitted or the selected
data bit may be a last data bit in a current series of data bits
being currently transmitted or the selected data bit may be a
last data bit in a previous series of data bits that was just
transmitted.

The method may further comprise receiving the increased
bandwidth signal; delaying the increased bandwidth signal
to generate a delayed version of the increased bandwidth
signal; and performing a logical XOR function on the
increased bandwidth signal and the delayed version of the
increased bandwidth signal to produce an edge detect signal.

The method may further comprise using a Phase locked
loop ‘PLL’ or a Delay Locked Loop ‘DLL’ coupled to the
detector output to determine a period and to get in lock with
the increased bandwidth signal.

The method may further comprise receiving the increased
bandwidth signal; detecting transitions in the increased
bandwidth signal related to clock information therein; gen-
erating an edge detect signal based on the detected transi-
tions; receiving the edge detect signal and a second clock
signal; and determining a maximum value of an autocorre-
lation of the edge detect signal, the maximum value indi-
cating the period of the clock information in the increased
bandwidth signal.

In another broad aspect, in at least one embodiment
described herein, there is provided herein a non-transitory
computer readable medium comprising a plurality of
instructions executable on a device for transmitting or
receiving data between devices, wherein the method com-
prises determining time slots for sent and received data bits
according to an increased bandwidth encoding scheme;
selecting a data bit at a beginning of a current transmission
period or at an end of a previous transmission period;
generating an inverted version of the selected data bit;
positioning the inverted version of the selected data bit and
the selected data bit in two consecutive time slots to convey
an edge of a clock signal; and transmitting or receiving
subsequent data bits at unique single time slots after the two
time slots having the inverted version of the selected data bit
and the selected data.

In another broad aspect, in at least one embodiment
described herein, there is provided herein a method of
encoding bits to increase bandwidth at an electronic device.
The method comprises loading a register of the electronic
device with a group of bits; generating an inverted version
of a first bit; transmitting or receiving the first bit and the
inverted version of the first bit in first and second unique
time slots to signify a clock edge, the transmitting being
done if the device is configured to send clock information;
transmitting or receiving a subsequent bit during a subse-
quent unique time slot after the second time slot depending
on whether the device is configured to transmit or receive
during the subsequent time slot, wherein for transmission
the subsequent bit is selected from the group of bits; and
repeatedly performing the transmitting or receiving of the
subsequent bit until the group of bits is transmitted.

In another broad aspect, in at least one embodiment
described herein, there is provided herein an electronic
device comprising a controller to control the electronic
device; an interface coupled to the controller, the interface
being configured to send and receive at least one signal; and
a transceiver coupled to the controller and the interface, the
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transceiver being configured to load a register of the elec-
tronic device with a group of bits; generate an inverted
version of a first bit, transmit or receive the first bit and the
inverted version of the first bit in first and second unique
time slots to signify a clock edge, the transmitting being
done if the device is configured to send clock information;
transmit or receive a subsequent bit during a subsequent
unique time slot after the second time slot depending on
whether the device is configured to transmit or receive
during the subsequent time slot, wherein for transmission
the subsequent bit is selected from the group of bits; and
repeatedly perform the transmitting or receiving of the
subsequent bit until the group of bits is transmitted.

In these two previous aspects, the device may act as a
slave device and is then configured to receive the first bit and
the inverted version of the first bit.

Further, in these aspects, the device is configured to
determine a period associated with the clock edge after
receiving the first bit and the inverted version of the first bit
a plurality of times.

In another broad aspect, in at least one embodiment
described herein, there is provided herein a non-transitory
computer readable medium comprising a plurality of
instructions executable on a device for transmitting or
receiving bits between devices with increased bandwidth.
The method comprises loading a register of the electronic
device with a group of bits; generating an inverted version
of a first bit; transmitting or receiving the first bit and the
inverted version of the first bit in first and second unique
time slots to signify a clock edge, the transmitting being
done if the device is configured to send clock information;
transmitting or receiving a subsequent bit during a subse-
quent unique time slot after the second time slot depending
on whether the device is configured to transmit or receive
during the subsequent time slot, wherein for transmission
the subsequent bit is selected from the group of bits; and
repeatedly performing the transmitting or receiving of the
subsequent bit until the group of bits is transmitted.

The plurality of instructions may also be defined as the
previous two aspects were further defined.

It should be understood that modifications can be made to
the embodiments described and illustrated herein, without
departing from the embodiments, the general scope of which
is defined in the appended claims.

The invention claimed is:

1. An electronic device comprising:

a controller to control the electronic device;

an interface coupled to the controller, the interface being

configured to send and receive signals; and

a signal generation unit coupled to the controller and the

interface, the signal generation unit being configured

to:

select a first data bit from a block of N data bits for
transmission in N+1 time slots,

generate an inverted version of the selected first data
bit,

position the selected first data bit and the inverted
version of the selected first data bit in a first two time
slots of the N+1 time slots to create an edge signi-
fying a start of a frame, and position the remaining
N-1 data bits of the block of N data bits consecu-
tively in the remaining N-1 time slots to generate an
increased bandwidth signal with clock information,
wherein N is a positive integer.

2. The device of claim 1, wherein the inverted version of
the selected first data bit precedes the selected first data bit
in the first two time slots.
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3. The device of claim 1, wherein the signal generation
unit comprises:

a register to receive the block of N data bits and a clock

input signal;

an inverter coupled to the register and configured to
receive the selected first data bit and generate the
inverted version of the selected first data bit;

a multiplexer coupled to the register and the inverter, the
multiplexer comprising N+1 inputs and being config-
ured to receive the block of N data bits and the inverted
version of the selected first data bit with the inverted
version of the selected first data bit being received at a
first input of the multiplexer adjacent to a second input
of the multiplexer that receives the selected first data
bit; and

a counter coupled to the multiplexer and to the clock input
signal, the counter being configured to provide a count
input to the multiplexer to cause the multiplexer to
output multiplexed data, the multiplexed data compris-
ing the block of N data bits and the inverted version of
the selected first data bit with each bit being in one of
the N+1 unique time slots to produce the increased
bandwidth signal, a timing of the time slots being
determined by the clock input signal.

4. The device of claim 3, wherein the device further
comprises an output stage configured to receive the multi-
plexed data output from the multiplexer and the clock input
signal, the output stage being configured to send the multi-
plexed data to the interface in the N+1 time slots determined
by the clock input signal.

5. The device of claim 1, wherein the device further
comprises a clock edge detector configured to receive the
increased bandwidth signal and detect transitions in the
increased bandwidth signal, the clock edge detector com-
prising:

a detector input to receive the increased bandwidth signal;

a delay unit coupled to the detector input to receive the
increased bandwidth signal and generate a delayed
version of the increased bandwidth signal;

an XOR gate coupled to the delay unit and the detector
output to perform a logical XOR function on the
increased bandwidth signal and the delayed version of
the increased bandwidth signal to produce an edge
detect signal at an output of the XOR gate; and

a detector output coupled to the output of the XOR gate
to provide the edge detect signal.

6. The device of claim 5, wherein the device further
comprises a Phase locked loop ‘PLL’ or a Delay Locked
Loop ‘DLL’ coupled to the detector output in order to
determine a period and to get in lock with the increased
bandwidth signal.

7. The device of claim 1, wherein the device further
comprises:

a clock edge detector configured to receive the increased
bandwidth signal, detect transitions in the increased
bandwidth signal and output the detected transitions in
an edge detect signal; and

a period detection unit coupled to the clock edge detector
and configured to recover a clock signal and determine
a period for the increased bandwidth signal, the period
detection unit comprising a correlation counter config-
ured to receive the edge detect signal and a second
clock signal and to determine a maximum value of an
autocorrelation of the edge detect signal, the maximum
value indicating the period of the edge signifying the
start of the frame in the increased bandwidth signal.
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8. The device of claim 7, wherein the correlation counter
comprises:

an input terminal to receive the edge detect signal;

a shift register coupled to the input terminal to receive the
edge detect signal and configured to provide a plurality
of shifted edge detect signals;

a plurality of XOR gates, each XOR gate of the plurality
of XOR gates being coupled to the input terminal and
the shift register to receive the edge detect signal and a
unique shifted edge detect signal from the plurality of
shifted edge detect signals as inputs and being config-
ured to apply a logical XOR function to the inputs;

a plurality of accumulators, each accumulator of the
plurality of accumulators being coupled to a unique
XOR gate of the plurality of XOR gates and configured
to accumulate an output of the unique XOR gate;

an index unit coupled to the plurality of accumulators and
being configured to determine an index value corre-
sponding to a given accumulator of the plurality of
accumulators that provides a maximum value; and

an output terminal coupled to the index unit for providing
the index value as a period detection signal.

9. The device of claim 8, wherein the device further
comprises a Phase Locked Loop ‘PLL’ or a Delayed Locked
Loop ‘DLL’ that processes the period detection signal to set
up a short window of interest to lock onto the edge detect
signal.

10. The device of claim 1, wherein the block of N+1 data
bits comprises one of binary words, digital word data,
bitstream data, PDM data, PCM data, string and floating
point data, encrypted data, compressed data, compressed
audio, control data and encoded data.

11. A method of encoding a series of data bits to generate
an increased bandwidth signal with clock information, the
method comprising:

selecting a block of N data bits from the series of data bits;

selecting a first data bit from the block of N data bits for
transmission in N+1 time slots;

generating an inverted version of the selected first data
bit;

positioning the selected first data bit and the inverted
version of the selected first data bit in a first two
consecutive time slots of the N+1 time slots to create an
edge signifying a start of a frame; and

positioning the remaining N-1 data bits each in a single
unique one of the remaining N-1 time slots to generate
the increased bandwidth signal with clock information,
wherein N is a positive integer.

12. The method of claim 11, wherein the inverted version

of the selected first data bit precedes the selected first data
bit.
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13. The method of claim 11, wherein the selected first data
bit precedes the inverted version of the selected first data bit.
14. The method of claim 11, wherein the block of N data
bits is selected from a current series of data bits being
currently transmitted.
15. The method of claim 11, wherein the block of N data
bits includes a last data bit in a current series of data bits
being currently transmitted.
16. The method of claim 11, wherein the block of data bit
includes a last data bit in a previous series of data bits that
was just transmitted.
17. The method of claim 11, wherein the method further
comprises:
receiving the increased bandwidth signal;
delaying the increased bandwidth signal to generate a
delayed version of the increased bandwidth signal; and

performing a logical XOR function on the increased
bandwidth signal and the delayed version of the
increased bandwidth signal to produce an edge detect
signal.

18. The method of claim 17, wherein the method further
comprises using a Phase locked loop ‘PLL’ or a Delay
Locked Loop ‘DLL’ coupled to a detector output to deter-
mine a period and to get in lock with the increased band-
width signal.

19. The method of claim 11, wherein the method further
comprises:

receiving the increased bandwidth signal;

detecting transitions in the increased bandwidth signal;

generating an edge detect signal based on the detected

transitions;

receiving the edge detect signal and a second clock signal;

and

determining a maximum value of an autocorrelation of the

edge detect signal, the maximum value indicating the
period of the edge in the increased bandwidth signal.

20. A non-transitory computer readable medium compris-
ing a plurality of instructions executable on a device for:

selecting a first data bit from a block of N data bits for

transmission in N+1 time slots;

generating an inverted version of the selected first data

bit;

positioning the inverted version of the selected first data

bit and the selected first data bit in a first two consecu-
tive time slots of the N+1 time slots to create an edge
signifying a start of a frame; and positioning the
remaining N-1 data bits consecutively in the remaining
N-1 time slots to generate an increased bandwidth
signal with clock information, wherein N is a positive
integer.



